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osting by EAbstract Pleurotus ostreatus and Saccharomyces cerevisiae were used in combined mixture to
upgrade the nutritional value of maize stalks using solid state fermentation technique. The chemical
composition and in vitro digestibility of the resulted protein enriched product were determined. Sin-
gle P. ostreatus treatment of maize stalks gave lower protein content when compared to simulta-
neously double treated with P. ostreatus and S. cerevisiae. The crude protein increased from
3.60% to 11.80% when S. cerevisiae was used as biological additive material after incubation of
7 days at 28 C. Cellulose, hemicellulose and lignin showed gradual decrease with increasing incu-
bation time of the fermentation process, however, in vitro disappearance increased.
ª 2012 Faculty of Agriculture, Ain Shams University. Production and hosting by Elsevier B.V.
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Agricultural crop residues are still grown dramatically causing
severe pollution problems, with a production of approximately0111 1700041.
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Open access under CC BY-NC-ND35 million tons on DM basis per year (Ministry of Agric.,
Egypt, 2008), from which, maize stalks count about 4.60 mil-
lion tons. Traditionally, they are removed to be used as fodder,
cooking fuel, fencing to be burned. Recently, return of residues
into the ﬁeld, such as leaving crop residues on the soil surface,
incorporating them into the soil, has been popular in enhanc-
ing soil quality. However, these applications can create imped-
iments to the following cropping as incomplete microbial
decomposition, and in some cases, they aggravate residue born
disease of crops (Garg et al., 2007; Shaban et al., 2010).
Therefore, understanding microbial community in stalks
degradation process is essential for these biotechnological
practices. However, previous studies have been focused on spe-
cies with signiﬁcant lignocellulosic degradation, such as white
rot fungi (Royse, 2002; Bonatti et al., 2004). Pleurotus ostreatus
is a white rot basidiomycete which belongs to the subclass of
ligninolytic microorganisms that produce laccases, manganese
48 G.A.M.A. Darwish et al.peroxidase, amylase, cellulase, pectinase and protease (Abdou,
2003; Fan et al., 2008; Rashad et al., 2009).
Many researchers have studied chemical and biological pre-
treatments for enhancing conversion of lignocellulosic materi-
als to protein enriched product (Vijaya et al., 2007). Another
alternative method, using combined treatment with white rot
fungi and yeast was developed; it is typically used for biocon-
version of those lignocellulosic wastes to protein enriched
product. Succeeded process using cellulotic ﬁlamentous fungi
(Trichederma viride and Aspergillus niger) and yeasts (Saccha-
romyces cerevisiae, Candida utilis and Candida tropicalis) to
ferment apple pomace was described. The ﬁlamentous fungi
initially degrade the cellulose and hemicellulose, while yeasts
fermented the produced free sugar (Bhalla and Joshi, 1994).
Akinfemi et al. (2009) found that incubation for 40 days con-
verted maize straw into valuable ruminant feed stuff, using
two white rot fungi (Pleurotus sajor-caju and Pleurotus pulmo-
narius) via solid state fermentation technique, through the
enhancement of in vitro digestibility and protein content an
expense of crude ﬁber and ﬁber fraction contents.
Previously, many researches were published by the authors
and interested in fungal waste treatments in a purpose of pro-
ducing high quality feed stuff (Hamza et al., 2005a,b, 2006a;
Abdelkawi and Darwish, 2005; Darwish and Ali, 2005;
Darwish, 2007; Darwish and Bakr, 2010). According to the
published work many trials were directed to enhance maize
stalks quality (Hamza and Darwish, 2006; Darwish, 2008).
The main objective of the current study is concerned with
the nutritional value upgrading of maize stalks to protein
enriched by-product via using mixed culture of white rot fungi
and yeast in solid state fermentation process.Materials and methods
Materials
Maize stalks were obtained from the experimental farm of
Agricultural Research Center, Giza, Egypt. Maize stalks were
rinsed with water, air dried, then cut into about 1–2 cm. The
chopped maize stalks were dried at 70 C for 24 h.
White rot fungi, namely P. ostreatus NRRL-2366 and yeast
namely, S. cerevisiae A-66 were obtained from the National
Center of Agricultural Utilization Research Service, US,
Department of Agricultural, Peoria, Illinois, USA and Agric.
Microbial. Res. Dept., Agric. Res. Center, respectively. The
strains were maintained on potato dextrose agar medium
(Difco Manual, 1979), then stored at 4 C.
Microbiological methods
Preparation of grains spawn
To prepare grains master spawn, wheat seeds or sorghum seeds
were used.Table 1 Chemical composition of maize stalks (on dry matter basi
Feed ingredient Total hydrolyzable
carbohydrates
Ether extract Crude protein Cr
Maize stalks 35.10 0.52 3.60 42.Seeds were cleaned from debris, then soaked in water for
overnight. Dead seeds were removed, then boiled in water for
15 min. After cooling, the seeds were transferred to around bot-
tle by occupying 2/3 of its volume and mixed with calcium car-
bonate 2% (w/w) and calcium sulfate 1% (w/w). Bottles were
then sterilized, for 1 h at 121 C. After cooling, the sterilized
bottles were inoculated with mycelial disks (5 mm diameter)
which were born from the margins of 6 days old culture of
P. ostreatus. The inoculated bottles were incubated at 25 C
for 15–20 days. The grains master spawn was used to inoculate
the bags containing (100 g) pasteurized maize stalks.
Preparation of yeast preculture
Conical ﬂasks (500 ml capacity) containing 100 ml of peptone
yeast extract glucose broth medium (Fouda et al., 1960) were
sterilized at 121 C/20 min. Flasks were inoculated with loop-
ful of the tested strain, then incubated at 28 C on rotary sha-
ker (150 rpm) for 48 h. From inoculum containing 109 cells per
each ml of S. cerevisiae, three separate volumes of quantities
being 15, 30 and 45 ml were transferred to three separate poly
ethylene bags.
Solid state cultivation technique: The nutritional upgrading
trial of maize stalks was carried out in plastic bags containing
100 g of chopped stalks (stalks of 1–2 cm length were pasteur-
ized in hot water 90 C for 2 h). The moisture content of maize
stalks was adjusted to 70%. The bags were inoculated with 10–
12 gP. ostreatus spawn, in combined mixture with S. cerevisiae
(15, 30 and 45 ml) for each bag. The inoculated bags were incu-
bated at 28 C for 7, 14, 21 and 28 days (Darwish, 2000).
Chemical analytical methods
Moisture content, ash, crude ﬁber, crude protein ether extract,
neutral and acid detergent ﬁber, micro and macro elements
(Fe, Zn, Cu, Ca, P, K, Mg, Mn, Pb, Ni and Cd) were deter-
mined according to separate methods described in AOAC
(2002). Total hydrolyzable carbohydrates were determined
according to Montgomery (1961). Lignocellulosic fractions
based on dry matter basis were determined according to the
method of Van Soest and Robertson (1980).
In vitro disappearance
The in vitro dry matter disappearance (DMD) and organic
matter disappearance (OMD) of samples were determined
according to the two stages technique described by Tilley
and Terry (1963). The rumen liquor was collected from ﬁstu-
lated sheep fed ration consisted of 70% wheat straw, 15% al-
falfa hay and 15% concentrate feed mixture.
Statistical analysis
Statistical analysis for each separate collected data was done
according to Gomez and Gomez (1984). The treatment meanss, %).
ude ﬁber Holo-cellulose Hemi-cellulose Cellulose Lignin Ash
15 68.80 26.01 41.00 11.49 13.57
Table 2 Minerals content of maize stalks (mg/kg).
Feed ingredient Ca P K Mn Zn Cu Mg Fe Co Pb Cd
Maize stalks raw 800 370 1020 462 41.80 26.20 3900 517.80 nd nd nd
Maize stalks after fermentation 833 375 10232 502 42.64 27.21 4200 523.71 nd nd nd
Nd = not detected
Table 3 Biological treatment of maize stalks using Pleurotus ostreatus and different inoculum size of Saccharomyces cerevisiae
inoculums (incubation at 28 C for 7, 14, 21 and 28 days).
Item Chemical composition, %
DM CP EE CF Ash
Maize stalks (MS) untreated (control)* 100 3.60e 0.52b 42.15a 13.57a
Incubate 7 days MS + PO (T1) 81.15
a 6.30d 1.33a 41.80a 9.41b
MS + PO+ SC (T2) (15 ml) 81.98
a 8.97c 1.20a 38.11b 8.51c
MS + PO+ SC (T3) (30 ml) 81.23
a 10.29b 0.75ab 36.46c 6.60d
MS + PO+ SC (T4) (45 ml) 81.25
a 11.80a 1.02ab 37.09d 5.95e
Incubate 14 days MS + PO (T5) 82.01
a 6.52b 0.84a 39.37b 6.30cd
MS + PO+ SC (T6) (15 ml) 84.10
a 10.89a 0.71ab 29.01c 6.54c
MS + PO+ SC (T7) (30 ml) 84.10
a 11.11a 0.64abc 26.79d 7.57b
MS + PO+ SC (T8) (45 ml) 83.10
a 10.51a 0.40c 25.29e 5.69d
Incubate 21 days MS + PO (T9) 84.10
a 9.90a 0.67a 37.37b 3.74b
MS + PO+ SC (T10) (15 ml) 84.00
a 10.20a 0.32b 27.10c 3.72b
MS + PO+ SC (T11) (30 ml) 82.76
a 8.60b 0.39b 26.98c 3.21b
MS + PO+ SC (T12) (45 ml) 81.92
a 8.30b 0.52ab 27.37c 3.09b
Incubate 28 days MS + PO (T13) 80.82
a 8.15a 0.76a 29.61b 3.21b
MS + PO+ SC (T14) (15 ml) 81.71
a 8.20a 0.49a 27.20bc 3.21b
MS + PO+ SC (T15) (30 ml) 82.53
a 9.35a 0.30a 25.30c 3.34b
MS + PO+ SC (T16) (45 ml) 80.31
a 8.25a 0.34a 24.54c 4.02b
Fiber fraction, % In vitro disappearance
Hemicellulose Cellulose Lignin IVDMD IVOMD
Maize stalks (MS) untreated (control)* 26.01a 41.00a 11.49a 15.35c 29.25b
Incubate 7 days MS + PO (T1) 24.36
b 38.90b 10.49b 22.70bc 38.20ab
MS + PO+ SC (T2) (15 ml) 18.94
c 35.70c 10.30b 21.65bc 53.45ab
MS + PO+ SC (T3) (30 ml) 16.51
d 33.85d 9.28c 45.00a 63.00a
MS + PO+ SC (T4) (45 ml) 15.91
d 31.28e 9.15c 27.85ba 64.30d
Incubate 14 days MS + PO (T5) 20.68
b 36.64b 10.27b 23.30b 51.30c
MS + PO+ SC (T6) (15 ml) 14.31
c 31.88c 9.41c 25.60b 58.15bc
MS + PO+ SC (T7) (30 ml) 14.17
c 30.61d 8.71d 48.00a 68.75ab
MS + PO+ SC (T8) (45 ml) 14.54
c 28.42e 8.50d 30.00b 72.50c
Incubate 21 days MS + PO (T9) 19.12
b 31.36b 8.94b 34.10bc 51.50b
MS + PO+ SC (T10) (15 ml) 18.86
b 22.40c 9.00b 38.45ab 64.50a
MS + PO+ SC (T11) (30 ml) 16.19
b 24.62c 8.84b 30.80c 53.90b
MS + PO+ SC (T12) (45 ml) 17.10
b 22.51c 7.94b 41.75a 59.50ab
Incubate 28 days MS + PO (T13) 17.10
b 25.66b 8.00b 24.30a 53.50ab
MS + PO+ SC (T14) (15 ml) 17.52
b 20.08c 6.20bc 30.35ab 62.30ab
MS + PO+ SC (T15) (30 ml) 16.10
b 22.21c 6.13bc 25.35ab 64.35ab
MS + PO+ SC (T16) (45 ml) 18.00
b 20.10c 5.84c 31.70a 68.00a
a,b,c. . . means in the same column with different super scripts are signiﬁcantly different (P< 0.05).
Po: Pleurotus ostreatus.
Sc: Saccharomyces cerevisiae (different addition).
DM: dry matter, CP: Crude protein, CF: Crude ﬁber.
EE: ether extract, NDF: Neutral detergent ﬁber.
ADF: acid detergent ﬁber, ADL: Acid detergent lignin.
IVDMD: in vitro dry matter disappearance.
IVOMD: in vitro organic matter disappearance.
* Untreated maize stalks (control).
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at the 5% level of probability as outlined by Waller and
Duncan (1969).Results and discussion
Chemical analysis of maize stalks used throughout the current
work is shown in Table 1.
The obtained data as shown in Table 1, cleared that maize
stalks contain high content of crude ﬁber, cellulose, lignin and
lower content in crude protein. These data are in agreement with
ﬁndings reported by Lin et al. (1985) and Tanaka et al. (1985).
From the data presented in Table 1, it could be concluded
that maize stalks are rich in energy material. However, maize
stalks contain lignin which protects this energy material from
the action of cellulolytic enzymes in the rumen. In addition,
maize stalks are poor content in protein content. This native
composition of maize stalks makes them unsuitable for animal
feeding.
Date presented in Table 2, show the minerals content of
maize stalks. The chemical analysis cleared that essential
macro elements for animal nutrition such as potassium, phos-
phorus, calcium were found in abundant amounts being, on
dry matter bases, 1020, 370 and 800 mg/kg, respectively, for
maize stalks matter, respectively, while maize stalks contain
high amounts of Mg and Fe being 3900 and 517.80 mg/kg
dried matter, respectively.
While, after fermentation data in Table 2 showed that the
total amounts of macro and micro nutrients were increased
in spent straw compost when compared with raw maize stalks.
The most increase was recorded for potassium and magne-
sium. The increment of nutrients in spent mushroom might
be due to effect of the fungal growth as reported by Mohamm-
ady (1996) and Bakr (2009). Or to the tap water used during
fungal growth which contain K, Mg, and Ca reported by Dina
Anwar et al. (2009).
Bioconversion of maize stalks to protein enriched by-prod-
uct using mixed culture of white rot fungi and S. cerevisiae
through solid sate fermentation process is shown in Table 3.
The obtained results revealed a signiﬁcant increase
(P< 0.05) of crude protein content in all treated samples,
compared to control. The highest protein contents being
11.80% and 11.11% were obtained when maize stalks were fer-
mented using P. ostreatus and S. cerevisiae for 7 and 14 days,
at 30 ml level, respectively.
Commonly, the protein content was increased in all treat-
ments including both P. ostreatus and S. cerevisiae compared
to the single treatment of maize stalks with P. ostreatus. This
increase in protein percent could be attributed to possible
formed fungal-yeast biomass as reported by Chen et al.
(1995). Similar ﬁndings were reported by Yoon and Stern
(1996), Akinyele and Akinyosoye (2005).
The crude ﬁber (CF) content decreased in all treatments
with most signiﬁcant decrease noted for treatment (T16) com-
pared to control. Decrease in crude ﬁber contents could be
attributed to the excretion of extracellular enzymes for degrad-
ing ﬁbers aided by fungal treatment. Similar observation were
reported by Zadrazil (1993) and Akinfemi et al. (2008 a,b).
The obtained results also showed a decrease in ash content
compared to control, with most signiﬁcant decrease from
13.57% to 3.09% noted for (T12). Cellulose and hemicellulosecontents decreased also in all treatments. Gradual decrease in
lignin content was noticed during different incubation periods.
The extent of lignin degradation could be attributed to the
ability of P. ostreatus to produce lignin degraded enzyme such
as lignin peroxidase and manganese peroxidase which aid
enzymatic degradation (Nerude andMisurcova, 1995). Degra-
dation of lignin was resulted in the increasing of in vitro dry
matter disappearance of maize stalks and improved its quality
as feed stuff for ruminant animals which came in agreement
with many of the reported literatures. Reported weight losses
of the stalks used for the growth of these strains ranged from
28% to 47% approximately, while lignin degradation ranged
from 24% to 55%, cellulose degradation was from 34% to
42%. On the other hand and from point of view, stalks are
considered better substrate in terms of relative digestibility of
the residual material after cultivation of 75–138% of original
value (Ardon et al., 1998; Jeffries and Jin, 2004; Canet et al.,
2008).
In vitro dry matter disappearance (IVDMD) and in vitro or-
ganic matter disappearance (IVOMD) revealed their maxi-
mum values for treatment (Ms + Po + Sc, T4) being
27.85% and 64.30%, respectively, compared to control being
15.35% and 29.25%.
These obtained results came in agreement with those re-
ported by Mukherjee and Nandi (2004), Vijaya et al. (2006)
and Guides et al. (2008), as they found that lignin decomposi-
tion (deligniﬁcation) by fungus consequently leads to an in-
crease in (IVDMD) which is considered a positive change in
increasing the overall digestibility of feed composition. Zadra-
zil and Kamra (1989) reported improvement of in vitro digest-
ibility after fermentation with Pleurotus spp.
Conclusion
This study indicated that treatments of maize stalks as agricul-
tural by product withP. ostreatus andS. cerevisiae together can
increase crude protein and improve digestion. Furthermore,
this study opened useful applied access for the production of
maize stalks based products of good quality. Moreover, the
current study can add applied values based on the fungal-yeast
treatment of non beneﬁcial agricultural waste.
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